Introduction {#Sec1}
============

Cervical spondylotic myelopathy (CSM) as a result of cervical stepwise degeneration usually has a deterioration of neurological function. In some patients with CSM, the quite formation of cervical kyphosis (CK) owed to biomechanical force change and tonic muscular activity \[[@CR1]\]. Progressive cervical kyphosis could lead to cervical pain, lower quality of life, and decrease of cord volume in the spinal canal \[[@CR2]--[@CR5]\]. Although conservative treatment could improve this disease to a certain extent, surgery remained the key to decompression of the spinal cord and correction of kyphosis \[[@CR6]--[@CR8]\]. The approaches of treatment of multilevel CSM (m-CSM) with CK included anterior cervical discectomy and fusion (ACDF), anterior cervical corpectomy and fusion (ACCF), and posterior laminectomy and laminoplasty. Both anterior and posterior approaches were able to improve the clinical recovery of neurological function, but the selection of approaches remained controversial \[[@CR9], [@CR10]\].

With the improvement of medical apparatus and surgeon's skill level, the difficulty of anterior approaches and postoperative complications is gradually decreasing. Because of the efficacy of anterior approaches with directly decompressed spinal cord and great correction of CK \[[@CR11]\], a hybrid approach (ACDF+ACCF) was applied to the treatment of patients with m-CSM and CK. Nevertheless, few studies have focused on the analysis of risk factors of surgical outcomes in patients after correction of kyphotic alignment by the hybrid approach. The aim of our study was to assess the relationship between improvement of kyphotic deformity and recovery of neurological function, particularly the changes of local kyphotic angle. Furthermore, the causes of worsening of postoperative local alignment were investigated deeply using statistical analyses. Our findings could offer advices to surgeons, thereby achieving optimal surgical outcome.

Material and methods {#Sec2}
====================

Patient population {#Sec3}
------------------

Between June 2011 and June 2017, eighty-six patients with m-CSM and cervical kyphosis underwent a hybrid approach which includes one level ACDF and one level ACCF. All procedures were approved by the Ethics Committee of The Third Hospital of Hebei Medical University, and the written informed consent was acquired from each patient. The STROBE statement was strictly observed over the course of this study.

The criteria were defined as follows: (1) patients who were diagnosed with m-CSM and cervical kyphotic deformity; (2) ossification of the posterior vertebral body, disc herniation, and kyphotic alignment contributed to the spinal cord compression; (3) patients had progressive clinical symptoms with or without increased signal intensity of the spinal cord on T2-weighted magnetic resonance imaging (MRI); and (4) each case underwent the hybrid approach for decompression of the spinal cord and correction of CK. Some exclusion criteria were defined as follows: (1) patients had cervical surgery before, (2) patients with spinal tumors or congenital cervical deformity or peripheral nerve disease, and (3) patients with incomplete imaging data.

Neurological assessment {#Sec4}
-----------------------

In this study, each individual patient had a follow-up over 12 months, in which neurological function was evaluated by using the Japanese Orthopaedic Association (JOA) score before surgery and last follow-up. The time period of optimum recovery usually occurred within 12 months after surgery \[[@CR12]\]. The surgical outcome was based on the following formula: the recovery rate = (postoperative JOA score − preoperative JOA score)/(17 − preoperative JOA score) × 100%. A score ≥ 75% was defined as excellent, ≥ 50% but \< 75% as good, ≥ 25% but \< 50% as fair, and \< 25% as poor. Therefore, we divided recovery rates \< 50% and ≥ 50% into the poor group and good group, respectively.

Radiologic assessment {#Sec5}
---------------------

We had evaluated the radiological material on lateral radiographs and MRI before and after surgery. The cervical alignment defined as follows: positive = lordotic and negative = kyphotic. The T1 slope was defined as the angle between the superior endplate of T1 and a horizontal line on standing lateral radiograph. The C2--7 angle was defined as the angle of two lines parallel to the inferior endplates of C2 and C7 (Fig. [1](#Fig1){ref-type="fig"}). The local kyphotic angle (LKA) was measured between the superior endplate of upper end vertebrae and the inferior endplate of lower end vertebrae. The C2--C7 SVA was defined as the distance between the plumb line of C2 centroid and posterior superior corner of C7 (Fig. [2](#Fig2){ref-type="fig"}). The loss of intervertebral height more than 3 mm was defined as the cage subsidence between postoperative and final follow-up \[[@CR13]\]. The C2--7 range of motion (ROM) was defined as the change in the maximal extension and flexion of cervical lateral radiographs. The worsening of postoperative local alignment was defined as the recurrence of kyphotic deformity after surgical correction. Moreover, the single increase of spinal cord on T2-weighted images and postoperative adjacent segment degeneration (ASD) was evaluated by MRI. Fig. 1A schematic drawing: patients with cervical spondylotic myelopathy and cervical kyphosis. Radiographic measurements: T1 slope and C2--7 Cobb angleFig. 2A schematic drawing: patients who underwent the hybrid approach (ACDF+ACCF). Radiographic measurements: C2--7 SVA

Surgical procedure {#Sec6}
------------------

The hybrid approach (ACDF+ACCF) was determined by patient's physical condition, clinical signs and symptoms, and the compression location or levels of spinal cord on MRI or computed tomography (CT). Patients with ossification of the posterior vertebral body, kyphotic deformity, and multilevel spinal cord compression would be performed an anterior hybrid approach. The corpectomy was performed on the vertebra with posterior ossification, and the discectomy was performed on the segment of disc herniation. Blunt dissection was carried out in cervical muscles and reached responsible segments from inner side of the sternocleidomastoid. The anterior corpectomy bounded by the uncovertebral joint on both sides. We adequately removed the ossification of the posterior vertebral body for decompression of the spinal cord. An optimal polyether-ether-ketone (PEEK) cage and a titanium box cage with autogenous bone were implanted in an appropriate location with anterior fixation of plate system. The rupture bleeding of venous plexus had to be highly regarded. All patients required the utilization of a cervical collar for 3 or 4 weeks after surgery.

Statistical analyses {#Sec7}
--------------------

Patient's continuous variables and categorical variables were described as means and standard deviations, and frequencies and percentages, respectively. We used univariate analyses to assess the correlations between factors and postoperative outcome. Multivariate logistic regression analysis was performed to the variables with a *p* value less than 0.05 in univariate analysis. Mann-Whitney *U* test, independent *t* test, and chi-square test were performed for a comparison between improving of postoperative local alignment group and worsening of postoperative local alignment group. *p* value \< 0.05 represents a statistically significant difference. All analyses were performed using version 22.0 of the SPSS software.

Results {#Sec8}
=======

In Table [1](#Tab1){ref-type="table"}, a series of variables about patient characteristics is shown. The good group had 66 patients with the recovery rates of JOA score greater than or equal to 50%, while the poor group had 20 patients with the recovery rates of JOA score less than 50%. Compared with the preoperative JOA score, there was a statistically significant improvement at the last follow-up (*p* \< 0.05). However, a preoperative JOA score was not correlated to surgical outcome (*p* = 0.641). With the univariate analyses, the poor group had a significant difference in age (*p* \< 0.001), duration of symptoms (*p* = 0.002), preoperative T1 slope angle (*p* = 0.001), change of local angle (CLA) (pre and last) (*p* \< 0.001), LKA at last follow-up (*p* = 0.003), and worsening of postoperative local alignment (WPLA) (*p* = 0.032). Furthermore, Table [2](#Tab2){ref-type="table"} shows that age (OR = 1.09, 95% CI = 1.03--1.21, *p* = 0.017), duration of symptoms (OR = 4.64, 95% CI = 1.22--3.75, *p* = 0.001), T1 slope (OR = 1.02, 95% CI = 1.07--1.93, *p* \< 0.001), and change of local kyphosis angle (OR = 10.67, 95% CI = 1.35--32.18, *p* = 0.003) were the risk factors of poor outcome after surgery. Table 1Comparison of patient characteristics between the good group and poor groupVariablesGood (*n* = 66)Poor (*n* = 20)*p* valueAge at surgery (years)57.1 ± 8.863.4 ± 9.2\< 0.001Female, *n* (%)35 (53%)11 (55%)0.877BMI (kg m^−2^)23.5 ± 3.624.6 ± 4.10.309Duration of symptoms (months)11.6 ± 7.516.3 ± 11.80.002T1 slope (°)14.3 ± 2.417.8 ± 3.20.001C2--7 SVA (mm)17.6 ± 10.219.1 ± 9.40.266Involved levels, *n* (%)0.762 C2--513 (19.7%)4 (20%) C3--631 (47%)11 (55%) C4--722 (33.3%)5 (25%)JOA score Preoperative8.1 ± 2.27.5 ± 2.60.641 Postoperative12.1 ± 3.710.9 ± 3.30.131 Last follow-up\*14.3 ± 2.910.1 ± 1.5\< 0.001 Recovery rate, %64.7 ± 18.334.9 ± 10.5\< 0.001C2--7 ROM (°)38.2 ± 12.739.5 ± 13.00.891C2--7 Cobb (°) Preoperative− 10.7 ± 5.5− 11.3 ± 6.20.219 Postoperative7.1 ± 4.46.9 ± 5.00.774 Last follow-up6.3 ± 5.75.6 ± 4.90.428 Change of C2--7 (pre and last)12.4 ± 8.713.1 ± 9.50.138LKA (°) Preoperative− 13.7 ± 10.5− 11.3 ± 9.20.736 Postoperative5.1 ± 7.24.8 ± 6.30.552 Last follow-up5.6 ± 3.90.3 ± 5.40.003 CLA (pre and last)12.1 ± 7.78.7 ± 6.5\< 0.001WPLA, *n* (%)10 (15.1%)7 (35%)0.032Implant subsidence \> 3 mm, *n* (%)6 (9%)2 (10%)0.817*Abbreviations*: *BMI* body mass index, *T1* thoracic 1, *SVA* sagittal vertical axis, *JOA* Japanese Orthopaedic Association, *ROM* range of motion, *LKA* local kyphosis angle, *CLA* change of local angle, *WPLA* worsening of postoperative local alignment\*Significantly different from preoperative JOA score (*p* \< 0.05)Table 2Multiple logistic regression analysis forecasted risk factors for the postoperative outcomeVariablesOR95% CI*p* valueAge at surgery (years)1.091.03--1.210.017T1 slope1.021.07--1.93\< 0.001Duration of symptoms (months)4.641.22--3.750.001LKA at last follow-up1.730.88--2.690.118CLA10.671.35--32.180.003WPLA3.940.65--3.440.122*Abbreviations*: *LKA* local kyphosis angle, *CLA* change of local angle, *WPLA* worsening of postoperative local alignment

In this study, the worsening of postoperative local alignment occurred in 17 patients (19.8%). Comparison of the improving group and worsening group showed that T1 slope (*p* \< 0.001), preoperative C2--7 SVA (*p* \< 0.001), adjacent segment degeneration (*p* = 0.01), and implant subsidence (*p* = 0.024) were significantly related to change of postoperative curvature (Table [3](#Tab3){ref-type="table"}). Moreover, C5 palsy happened in 1 case which was functional recovery within 3 months after surgery, cerebrospinal fluid leakage happened in 5 cases, and temporary dysphagia happened in 7 cases in this study. None of them had a sequela. Table 3Comparison of postoperative local alignment between postoperative and last follow-upVariablesImproving (*n* = 69)Worsening (*n* = 17)*p* valueAge (years)62.5 ± 9.060.9 ± 10.20.332^a^T1 slope (°)18.7 ± 5.311.3 ± 4.2\< 0.001^b^Preoperative C2--7 SVA (mm)10.6 ± 8.824.9 ± 12.6\< 0.001^a^ASD, *n* (%)7 (10.1%)6 (35.3%)0.01^c^Implant subsidence \> 3 mm, *n* (%)4 (5.8%)4 (23.5%)0.024^c^Involved levels, *n* (%)0.921^c^ C2--5143 C3--6348 C4--7216*Abbreviations*: *ASD* adjacent segment degeneration^a^Mann-Whitney *U* test^b^Independent *t* test^c^Chi-square test

Discussion {#Sec9}
==========

Historically, early clinical intervention and optimal surgical approach have been recognized as the prerequisites of a good surgical outcome. This study found that the initial recovery is usually sensory which included limb numbness and zonesthesia of the chest. The motor function of limbs would gradually recover within 3 months after surgery, but it was generally difficult to recover completely. The recovery time of bladder function was long, and the recovery effect was poor. All kinds of risk factors affected the surgical outcome in patients with CSM and CK. Several articles have been published stating that predictors of postoperative outcome in patients with CSM included age at operation, duration of symptoms, and signal intensity of spinal cord \[[@CR14], [@CR15]\]. However, few studies paid close attention to clinical outcome after anterior hybrid surgery for patient with multilevel CSM and kyphosis deformity. Did cervical kyphosis impede the recovery of neurological function after surgery? Chavanne et al. \[[@CR16]\] found that change of cervical alignment would lead to the increasing of intramedullary pressure, especially when cervical kyphotic deformity exceeded 21°. However, the correlation between correction of kyphosis alignment and postoperative outcome remained controversial \[[@CR10], [@CR17], [@CR18]\].

An appropriate surgical approach was one of the important factors to achieve good postoperative outcome. However, the selection of surgical approach was the once controversial notion. Anterior approach could directly remove the lesion of compression of the spinal cord and correct more kyphotic angle. Unfortunately, anterior approaches were more vulnerable to complications which were C5 palsy, cerebrospinal fluid leakage, and temporary dysphagia \[[@CR19]\]. Posterior approach relieved spinal cord compression according to the drift backward of the spinal cord and the enlarging of vertebral canal volume. Posterior approach would be an optimum selection when patients were accompanied by a consecutive ossification of posterior longitudinal ligament \[[@CR20]\], whereas cervical kyphotic alignment reduced the space of drift backward of the spinal cord, which would influence clinical outcome. In previous study, Cabraja et al. \[[@CR11]\] showed that anterior approach had a better restoration of cervical kyphosis than the posterior approach, and Suda et al. \[[@CR21]\] showed that posterior laminoplasty was the best indication for patients with local kyphosis less than 13°. Furthermore, Yang et al. \[[@CR22]\] showed a new style: anterior controllable ante-displacement fusion (ACAF), which could enlarge the volume of the spinal canal and simultaneously correct cervical kyphosis for patients with m-CSM and stenosis. In this study, an anterior hybrid approach was selected to remove ossification of the posterior vertebral body and correct kyphotic deformity. This method could not only directly decompress the spinal cord, but also avoid the occurrence of low fusion rate and implant translocation after multi-ACCF. Therefore, the selection of surgical approaches should be planned on an individual basis.

In this study, the change of local kyphotic angle between preoperative and last follow-up was associated with surgical outcome according to the JOA score, particularly corrective angle more than 10.2°. However, the change of C2--7 Cobb angle was not statistically significantly different between the good group and poor group. We considered that the cause was the occurrence of cervical "S" or reverse "S" type that lordosis and kyphosis existing side-by-side on the lateral films of cervical vertebra. Hence, the measurement of local kyphosis angle had greater meaning to the prevention of poor postoperative outcome. In previous study, Uchida et al. \[[@CR10]\] explained also that correction of local cervical kyphosis was beneficial to improve the recovery of neurological function, whereas excessive correction of cervical kyphosis would give rise to short-term axial pain after surgery \[[@CR23]\].

Not all patients could maintain the effect of surgical correction with the passage of time. In this study, there were seventeen patients with the worsening of postoperative local alignment as a result of each kind of suggestion factor. Although our research did not show that the worsening of postoperative local alignment was associated with poor outcome after surgery, the causes of worsening were necessary to study further. Lee et al. \[[@CR24]\] found that one of the key factors affecting cervical spine sagittal balance was T1 slope. Patients with cervical kyphotic deformity required low T1 slope angle to compensate for maintaining the sagittal balance. In addition, Katsuura et al. \[[@CR25]\] suggest that adjacent segment degeneration after anterior cervical fusion was also a key factor determining postoperative kyphotic change in the cervical fused segment. Our finding confirmed that the T1 slope and adjacent segment degeneration were associated with change of postoperative local alignment. The results expounded that surgical correction of cervical local kyphosis could not effectively improve the T1 slope angle, so recurrence of kyphotic deformity aimed to compensate for the balance of cervical alignment. Furthermore, we found also that implant subsidence and large preoperative C2--7 SVA were the important factors of worsening of postoperative local alignment. The implant subsidence would lead to the height difference of anterior and posterior margin in surgical segments. Frequent head-down tilt after surgery was the crucial reason of the subsidence in front of implant. Understanding and preventing risk factors could obtain maximum improvement in quality of life after surgery.

In our study, several limitations were worth mentioning. Firstly, this was a retrospective study with a relatively small number of patients and lacked long-term follow-up data for some patients. Secondly, the evaluation of surgical outcome only focused on improvement of JOA score and recovery rate, and neglected the evaluation according to the SF-36 scale and the HR-QOL scale. Thirdly, the relationship between the change of cervical kyphotic alignment and thoracolumbar or spino-pelvic parameters was not considered. Finally, the adjacent segment degeneration was evaluated only at the last follow-up, which may continue to occur in the future.

Conclusion {#Sec10}
==========

Age at operation, duration of symptoms, T1 slope angle, and change of local kyphosis were the risk factors of clinical outcome in patients with CSM and cervical kyphosis. Furthermore, postoperative ASD, T1 slope, implant subsidence, and C2--7 Cobb were associated with recurrence of postoperative cervical kyphosis.

JOA

:   Japanese Orthopaedic Association

SVA

:   Sagittal vertical axis

ASD

:   Adjacent segment degeneration

CSM

:   Cervical spondylotic myelopathy

CK

:   Cervical kyphosis

ACDF

:   Anterior cervical discectomy and fusion

ACCF

:   Anterior cervical corpectomy and fusion

LKA

:   Local kyphotic angle

CLA

:   Change of local angle

WPLA

:   Worsening of postoperative local alignment

ROM

:   Range of motion

AUC

:   Under the curve
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